Background: Agricultural intensification has contributed to increased diffuse source pollution within water catchments, reduced heterogeneity within the landscape and caused major declines in farmland wildlife. This decrease in biodiversity has been shown to decrease vital ecosystem services such as pollination, biological pest control (biocontrol) and water quality protection. The morphological traits of plant species, such as floral display size and leaf area, provide support to these services and vegetative strips can be established with plants that have these desirable traits to try and restore ecosystem service support to farmland. Vegetative strips are widely used across the world, especially in Europe, however, there is a need to increase their functionality due to issues of land availability and food security. To do this, combinations of plant species that will support specific ecosystem services, have been developed. However, to enable a fully-informed development process, evidence must be collated on which specific plant traits provide the support to the target ecosystem services. The primary objective of this study was to systematically map all evidence for specific plant traits that may provide support for pollinators, bio-control and water quality protection in temperate climates.
Background
The intensification of agricultural practices since the 1940s has led to increased diffuse source pollution in farmland water catchments through cultivation, the use of pesticides and fertilisers and the removal of off-crop habitat [1, 2] . These practices have been attributed to major declines in farmland wildlife, including wildflowers, invertebrates, mammals and birds [3] [4] [5] [6] . Numerous reports have shown that a decline in farmland biodiversity can negatively affect the provision of multiple ecosystem services [7] [8] [9] . In particular pollination, biological control (bio-control) and water quality protection have been effected and evidence of this can be seen in global pollination deficits caused by pollinator declines (e.g. [10] [11] [12] [13] ) and in declines in water quality through pesticide, sediment, nitrate and phosphorus run-off and erosion (e.g. [14] [15] [16] ), although riparian buffer strips could mitigate this pollution [17] . Also, as there are continuing reports of insecticide resistance since the 1990s (e.g. [18] [19] [20] ), there is an increasing need to restore support for natural enemies used in bio-control [21] [22] [23] .
To help mitigate some of these effects and develop more sustainable agricultural practices, semi-natural habitat resources that support pollinators, natural enemies and water quality protection, can be returned to farmland [24] . The morphological traits of specific plant species, such as nectar content, floral display size or leaf area [25] , provide support for these services [26, 27] . For example, Bianchi and Wackers [28] showed that more parasitoids were attracted to plants with a higher nectar content, Kudo et al. [29] showed that a larger floral display size was preferred by Bombus hypocrita supsp. Sapproensis and Burylo et al. [30] showed that a plant's leaf area positively correlated with its ability to trap sediment.
A widely-used and effective method to re-establish these services within farmland is the sowing of plant mixtures outside of the cropped areas, such vegetative strips in field margins [31] , and the inference is that these could be optimised if they were established using plant species with desirable traits. Policy support for this is already available through legislation and incentives across Europe. For example, within the European Union (EU), the Habitats Directive protects specific animals, plants and habitats [32] , and the Water Framework and the Nitrates Directives protect water quality, the latter specifically addressing effects on water quality arising from the leaching of nitrates into watercourses on farmland [33] . In addition, the EU Common Agricultural Policy (CAP) provides funding to help preserve habitat biodiversity, enhance water quality and reduce soil erosion in the form of greening and agri-environment schemes [34] [35] [36] [37] .
These policies have been highly influential in the restoration of biodiversity and ecosystem services to farmland habitat [38] . Future land availability for these schemes is being increasingly restricted due to increased food production requirements which have been exacerbated by climate change, competition for land, and other pressures on land use [39, 40] . One recent potential solution to these issues is the sustainable intensification of agriculture, which often promotes the increase of food production from existing land whilst minimising pressure on the environment [41] [42] [43] . An approach within this solution is to increase the ecosystem service value of non-cropped areas on farmland by selecting the most supportive plant species for multiple ecosystem services [31, 44] . Supportive combinations of plant species have been investigated in parts of Europe (e.g. [45, 46] ), but they have not considered which plant traits actually support the target ecosystem services.
Stakeholders from Syngenta UK Ltd are interested in developing vegetative strip seed mixes that they distribute to farmers. They have funded this work alongside the Biotechnology and Biological Sciences Research Council as part of a Ph.D. project to develop a multifunctional seed mix, based on scientific evidence. Discussions with stakeholders from the Game and Wildlife Conservation Trust and Fera Science Ltd encouraged a focus on plant traits as these are what define a plants ability to provide support for ecosystem services. Also, the initial ideas for the project arose from two previous systematic maps, one funded by Defra and the Natural Environment Research Council to investigate interventions to reduce water pollution [47] and one investigating interventions for enhancing farmland biodiversity [48] . In order to provide an evidence base to inform the design of future multifunctional non-cropped planted areas we systematically mapped all evidence on what specific plant traits provide support for ecosystem services including pollination, bio-control and water quality protection.
Objective of the systematic map
The primary objective of this systematic map was to collate existing research evidence on specific plant traits that may support pollinators and natural enemies and provide water quality protection. Studies undertaken in any type of habitat within temperate climate zones were included. A detailed summary of the nature and character of the evidence is presented alongside a summary of the specific plant traits that have been linked with the target ecosystem services.
Primary question
Which plant traits provide support for the following ecosystem services, within temperate climates:
Pollination through pollinator support. Bio-control through crop pest natural enemy support. Water quality protection?
Elements of the primary question
Population: Waterbodies, pollinator species and natural enemies of insect crop pests, within temperate climates. A temperate zone has a temperature range of − 3 °C to + 18 °C, shown as 'C' in the Köppen-Geiger world map on climate classification Kottek et al. [49] .
Exposure: Specific plant traits, for example floral display size or leaf area etc.
Comparator: Lack of traits or alternative traits, for example no floral display.
Outcome: Derived from studies that investigated any potential changes in the populations, for example, increased pollinator or natural enemy visits to a flower, improved water quality within a water body or reduced soil erosion.
Methods
The methods used in the development of the systematic map database were adapted from the Collaboration for Environmental Evidence (CEE) Systematic Review Guidelines [50] and from an existing systematic map report by Randall and James [48] . The detailed methods are presented in the protocol by Blowers et al. [51] . A summary of these methods and any deviations are presented here.
Searches
In November 2014, specific search term combinations with Boolean search operators were entered into multiple online databases to capture an un-biased sample of the relevant published and grey literature. The search terms were established as stated in the protocol [51] . In January 2017, the searches were updated to capture articles published after November 2014. For these updated searches the search terms stayed the same, but single search strings were used instead of multiple searches. This was the only deviation from the original methods stated in the protocol and did not change which articles may have been discovered by the searches. Full lists of search terms, strings and databases can be found in Additional files 1, 2 and 3.
Article screening and study inclusion
The results from the searches were imported into an EndNote X7 library file and any duplicates removed.
The inclusion criteria were agreed prior to screening to ensure that only articles relevant to the objective were included in the systematic map.
Inclusion criteria
All retrieved studies were assessed for relevance using the following inclusion criteria: Relevant subject(s): Studies that investigated some aspect of plant traits and how they could provide support for the target ecosystem services were considered for inclusion into the systematic map.
Relevant climate zone: Studies that had been undertaken in a region with a temperate climate, i.e. those classified as 'C' in Kottek et al. [49] .
Language: All searches were conducted in English, however any article that was found in another language was also included in the initial searches. Only studies published in English were included in full text assessment, due to limited resources and the languages known by the study reviewers.
Date: No date restrictions were applied to initial searches, however the update searches restricted the date to articles published after November 2014.
Relevant ecosystem service provided: The following support for ecosystem services provided by plant traits were included: support for pollinators and crop pest natural enemies and water quality protection.
Relevant population: Water bodies, pollinator species and natural enemies of insect crop pests.
Relevant exposure: Specific plant traits, for example floral display size, leaf area, root length, plant height.
Relevant comparator: Lack of traits or alternative traits, for example no floral display.
Relevant outcome: Any study that investigated potential changes in the populations including:
• Effects on pollinator abundance and diversity, visitation rates and attractiveness.
• Effects on natural enemy abundance and diversity or predation rates.
• Effects on water quality in water bodies including inhibiting pollution from nitrogen, phosphorus, pesticides and sediment levels.
Relevant study design: Any primary research study that collected experimental or quasi-experimental data to investigate the effect of specific plant traits on provision of the named ecosystem services.
Article screening was undertaken by one reviewer at the title level. A second reviewer, that was blind to decisions made by the first reviewer, examined a random subset of 10% of the articles at abstract level and a kappa analysis showed a statistic of 0.836 demonstrating a very high level of agreement. Any disagreement was discussed and resolved by consensus. Any articles that passed the inclusion criteria at abstract level were then taken forward for full-text assessment by one reviewer. Each article was screened according to the inclusion criteria and any that did not meet the criteria were excluded, these can be found in Additional file 4. Review articles were not included but reference lists of relevant review articles were hand searched for potentially relevant primary research studies.
Coding of articles and study data
Studies from articles that passed the inclusion criteria after full-text assessment were imported into a Microsoft Access database and coded according to author, title, year of publication, reference type, study country, study region/state, study site, study dates, study length, study type, type of access and language. More specific terms were also used including type of ecosystem service, response organism/system, plant trait, target organism/ system, outcome and the critical assessment decisions on replication, sample selection and other sources of bias. All coding was undertaken by one reviewer and any queries were discussed with a second reviewer and a consensus decision made.
Study critical assessment
The critical assessment method was informed by the systematic review guidelines' hierarchy of evidence used in medicine and public health [52] and conservation [53] . A generic list of variables used by Haddaway et al. [54] were modified by the authors and combined with topicspecific quality measures. Terms including 'yes' , 'partially' or 'not at all' were applied by one reviewer to each study based on degree of replication, sample selection methods and other sources of bias, as shown in Table 1 . Any queries were discussed with a second reviewer and a consensus decision made.
For example, a well-replicated, randomised control trial with no obvious bias was categorised with the term 'yes' in all cases. No studies were excluded from the database based on the critical assessment criteria.
The systematic map database
A systematic map database was developed to describe the extent of the research in this field, see Additional file 5. It was created in Microsoft Access and is searchable by topic and arranged according to the generic coding terms. Also, it was designed so that it may be arranged by the specific coding terms, providing detailed information on the plant traits described by the articles in the map and how they have been related to support for the target ecosystem services.
Results

Summary of the evidence
In total the searches in November 2014 and January 2017 identified 34,077 articles, with a total of 11,705 once duplicates were removed. These were screened for inclusion according to the schematic in Fig. 1 .
Of the screened articles, 56 contained studies that met the inclusion criteria and were subsequently included in the systematic map database. All the included studies were from journal articles containing primary research. There were no relevant studies found for inclusion from the grey literature searches. Each article contained one relevant study, but some studies investigated multiple plant traits. In the systematic map database each row details one study, with each column providing further details e.g. ' Author' , 'Study Site' , 'Study Length' 'Plant Trait(s)' etc. In each cell a drop down menu shows the possible keyword options and indicates where multiple keywords have been chosen. For example, in the 'Plant Trait(s)' column the drop down menus indicate each of the traits that have been selected according to the evidence provided in the article. Each column can also be filtered according to the keywords included. For example, the 'Ecosystem Service' column can be filtered for articles that present evidence on one specific ecosystem service.
Key findings of the systematic map
Article publication dates ranged from 1983 to 2017, see Fig. 2 , and the vast majority (n = 47) of articles were published within the last 10-15 years. Studies from these articles were performed in a wide variety of countries, see Fig. 3 , however there were no studies from Eastern Europe and the most studies were undertaken in the USA (n = 12).
The decisions made in the critical assessment are displayed in Fig. 4 . A total of 45 studies showed moderate to high replication with at least four samples per group, 43 showed randomised sample selection and 49 showed no other evident sources of bias using our critical assessment method. Decisions were not possible if the relevant information for the assessment criteria could not be accessed.
Plant traits and ecosystem services
For each article information on the studied plant traits was coded into the systematic map database. This included the plant trait (e.g. floral display size), the response organism or system that was monitored (e.g. plant species), the target organism (e.g. pollinator species), the outcome of the study (e.g. increased visitation) and the ecosystem service it was linked with (e.g. pollination).
Out of the 56 articles that were included in the systematic map, 40 related to pollination (through pollinator support), seven related to bio-control (through crop pest natural enemy support) and nine related to water quality protection. The specific plant traits and the ecosystem service(s) that they were related to in these articles are shown in Table 2 . In total, 68 plant traits were studied.
With regards to pollinator support, 33 of the plant traits were related to the flower of a plant, three were related to the leaf and one to the stem. Also, six traits studied to support natural enemies were related to the flower of the plant, two to the leaf and one to the stem. In contrast, three traits studied to support water quality protection were related to the leaf of the plant, 17 were related to the roots and five to the plant as a whole.
The nine articles found for water quality protection studied 26 individual plant traits, 18 of which related to the roots of a plant. The 40 articles found for pollination studied 37 individual plant traits that related to pollinator support. Nineteen of which related to the floral display of the plant, for example floral display size (n = 11) and flower colour (n = 9). The seven articles found for bio-control studied eight individual plant traits that were related to support for crop pest natural enemies. Furthermore, floral display size, flower colour and flower nectar were all investigated in studies relating to pollinator support and natural enemy support.
Discussion
The aim of this systematic map was to discover evidence on specific plant traits in relation to pollination, bio-control and water quality protection within the literature. In light of this, we discuss the key findings made by the systematic map in relation to each ecosystem service and any potential limitations to the map. 
Key findings
This systematic map collated evidence on specific plant traits and how they may support the target ecosystem services. Due to the specificity of the inclusion criteria, just 56 articles were suitable for inclusion within the map. According to our critical assessment method, over half of the articles included studies that demonstrated moderate to high replication, randomised sample selection and no other source of bias. The publication dates of the articles span 34 years, with 41 published within the last 12 years, showing a recent increase in the volume of research in this topic area. A total of 68 plant traits were studied and related to the support of the target ecosystem services, spanning the entire plant anatomy. 
Pollination through pollinator support
As the overwhelming majority of these articles studied plant traits linked with pollination through pollinator support (n = 40), this shows a clear bias in the research. This bias is to be expected due to the highly dependent, mutualistic relationship between flowering plants and pollinators and current pollinator declines are driving further research to try and understand this relationship [8, 55, 56] . Interestingly, studies that showed traits relevant for pollinator support were the most numerous from the USA (n = 9) followed by Spain (n = 5), Brazil (n = 4) and South Africa (n = 4). This could be due to the size of the country (both land mass and population) and the large proportion of it that is within a temperate climate zone [49] . Also the articles that studied pollination through pollinator support were published from 1983 to 2016, indicating that research on how plant traits support pollinators has been carried across 33 years at least. It was also noted that the majority of plant traits that were studied for pollinator support, related to some aspect of the flower of a plant, in particular the floral display size (n = 11) and flower colour (n = 9), and the traits that related to the flower varied greatly.
Bio-control through crop pest natural enemy support
A total of eight individual plant traits for bio-control through crop pest natural enemy support were studied by seven articles. This small number of articles indicates that there is a knowledge gap in this area. The studies were undertaken across Europe and North and South America, with one study undertaken in each of the following countries: Brazil, Denmark, France, Germany, Spain, Sweden and USA. This high variation in study country origin reduces any effects if bias on the information presented by the systematic map. Also, the publication dates for articles that studied bio-control through natural enemy support ranged from 1998 to 2015, showing that research in this area started 16 years after similar research for pollinator support. The plant traits that were studied related to the flower (6) and leaf (2) of a plant. This indicates that only above ground plant traits have been studied or identified in relation to the support of natural enemies. Also there was a cross-over between plant traits that were studied for natural enemy and pollinator support because floral display size, floral nectar and flower colour were researched for both. 
Height ✓
Plant biomass ✓
Plant roundness ✓
Numbers in brackets indicate where more than one article studied the plant trait
Water quality protection
Similar to bio-control, only nine articles studied plant traits and how they may support water quality protection, however, they did look into 23 individual traits. Over a third of these studies were undertaken in Europe [France (n = 3) and England (n = 1)], with the remaining studies spread across China (n = 2), USA (n = 2), and Australia (n = 1). Also, water quality protection plant traits were studied slightly more recently than the other two ecosystem services with publication dates ranging from 2000 to 2017. Although three articles studied leaf traits and five studied whole plant traits for water quality protection, 18 traits were related to plant roots. This showed an overwhelming focus in the research on below ground traits for the support of this ecosystem service.
Limitations to the searches
As only articles available in English could be included in the map, this may have biased the studies included to only those that are from English speaking countries. There were over 20 articles that provided some valuable information on support for the target ecosystem services, but these were excluded because they studied plant community traits rather than individual plant traits. These types of traits are more complex and were not relevant for this systematic map. Although access to article full-text can be a limitation to a systematic map, only one article had to be excluded on this basis.
Limited time and funding meant that the initial title screening was undertaken by one reviewer and this may have introduced a bias at this stage. Only one reviewer conducted the critical assessment of the studies presented by the articles, so in order to avoid a potential limitation to the map, no articles were excluded based on the decisions made.
Conclusion
This systematic map identified and coded 56 articles that could answer the primary question "What specific plant traits support ecosystem services such as pollination, bio-control and water quality protection in temperate climates?". It highlighted that over 68 plant traits have been studied, spanning the entire plant anatomy. It also identified a large bias in the research towards plant traits for pollinator support.
Implications for research
It is recommended that more primary research is undertaken on plant traits that may potentially support natural enemies or water quality protection. This research should aim to identify any other influential plant traits but also test those that have been identified so far, to develop the evidence base. A review of the study findings from the articles in this map could help investigate exactly how each of the plant traits may support the ecosystem services that they have been related to and this could provide recommendations for any further primary research that should be undertaken.
Implications for policy and management
The evidence collated so far could inform policy makers and land-owners on the design of vegetative strips to support pollination, bio-control and water quality protection. If such evidence-informed decisions are made, the efficacy of vegetative strips to support ecosystem services could be improved, providing benefits to the land-owner and farmland wildlife concurrently.
